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(57) ABSTRACT

A system for a loader stores a signal indicative of a desired
inclination of an implement. Upon receiving an operator
interface actuation signal, a controller transmits a signal to
move the implement to the stored inclination. The controller
turther transmits a lift arm command signal to move a lift arm
towards a lower limit of travel of the lift arm. The lift arm
command signal 1s terminated after the controller receives a
signal from a sensor on the lift arm 1ndicating that the lift arm
1s near 1ts lower limit of travel. After the command signal 1s
terminated, the controller may transmit a second lift arm
command signal to further move the lift arm.

20 Claims, 4 Drawing Sheets
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LIFT ARM AND IMPLEMENT CONTROL
SYSTEM

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This patent application 1s a continuation-in-part of copend-
ing U.S. patent application Ser. No. 12/642,120, filed Dec. 18,

2009.

TECHNICAL FIELD

This disclosure relates generally to a system for controlling
a lift arm and an implement and, more particularly, to a
system for automatically returning a lift arm and an 1mple-
ment to a desired location.

BACKGROUND

Machines with various implements are often used 1n the
materials handling and construction 1industries. These
machines typically include one or more lift arms for moving,
an implement 1n order to perform a desired task. The
machines are often used for repetitive motions of some type
such as lifting a load of material and transporting 1t to another
location. The machine may then be returned to the original
location and the implement lowered to the starting position in
order to begin another material movement cycle. To achieve
maximum production, an operator will often simultaneously
steer the machine and adjust the position of the implement.
The process can be significantly simplified 1f the implement
were able to return to a preselected position without requiring,
the attention of the operator.

U.S. Pat. No. 7,140,830 to Berger et al. discloses an elec-
tronic control system for skid steer loaders. More specifically,
the Berger et al. system provides a complex variety of modes,
features, and options for controlling implement position,
including an automatic “return-to-dig” mode in which the
controller operates to move the implement and boom assem-
bly to a fixed, memorized orientation and position relative to
the skid steer loader. However, the Berger et al. system relies
largely upon multiple position sensors for information about
and to control the implement position which adds cost and
complexity to the system.

The foregoing background discussion 1s mntended solely to
aid the reader. It 1s not intended to limit the innovations
described herein nor to limit or expand the prior art discussed.
Thus the foregoing discussion should not be taken to indicate
that any particular element of a prior system 1s unsuitable for
use with the innovations described herein, nor 1s 1t intended to
indicate any element, including solving the motivating prob-
lem, to be essential in 1mplementing the innovations
described herein. The implementations and application of the
innovations described herein are defined by the appended
claims.

SUMMARY

In one aspect, a system for a loader 1s provided. The system
operates to store a signal indicative of a desired inclination of
an implement. Upon recerving a signal indicative of actuation
ol an operator 1nterface, a controller transmits an implement
command signal to the system to move the implement to the
stored 1inclination. The controller may further transmit a lift
arm command signal to the system to move a lift arm towards
a lower limit of travel of the lift arm. After the controller
receives a signal indicative of activation of a sensor on the lift
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arm based upon the sensor being near a sensor trigger on the
loader near a lower limit of travel of the lift arm, the controller
terminates the liit arm command signal and movement of the
lift arm may be terminated. If desired, the controller may

transmit a second lift arm command signal to the system to
further move the lift arm.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an elevational view of a loader 1n accordance with
the disclosure;

FIG. 2 15 a schematic diagram of a system for use with the
loader of FIG. 1;

FIG. 3 15 a flowchart illustrating a process for controlling
automated movement of a lift arm and an 1mplement to a
predetermined location; and

FIG. 4 15 a flowchart illustrating a process for controlling
automated movement ol an implement to a predetermined
angle of inclination.

DETAILED DESCRIPTION

FIG. 1 illustrates an exemplary loader 10 having a cab 11
housing an operator seat 12, an operator interface 13, a con-
trol panel 14, and a controller 15. The loader 10 further
includes an engine system 20, one or more lift arms 21, a laft
arm actuation system 46, a coupler 22 mounted on the lift arm
21, a coupler actuation system 23, and an angle sensor 24
mounted on the coupler 22. An implement 25 1s attached to
the coupler 22. The operator interface 13, the control panel
14, the engine system 20, lift arm actuation system 46, the
coupler actuation system 23, and the angle sensor 24 are each
configured to communicate with the controller 135. The loader
10 1s provided with sufficient electrical and electronic con-
nectivity (not shown) to enable such communication. Though
the illustrated loader 10 1s a skid steer loader, the loader may
be any other type of loader.

The controller 15 may be a single microprocessor or a
plurality of microprocessors and could also include addi-
tional microchips and components for random access
memory, storage, and other functions as necessary to enable
the functionalities described herein. The lift arm actuation
system 46 1s an electro-hydraulic actuation system linking the
controller 15 and the lift arm 21 and controlling movement of
lift arm 21. The coupler actuation system 23 1s an electro-
hydraulic actuation system linking the controller 15 and the
coupler 22 and controlling movement of coupler 22 and thus
also controlling movement of implement 235. The angle sen-
sor 24 of the disclosed embodiment may be an inclinometer
that provides an angle of the coupler relative to a ground
reference. Other types of angle sensors for measuring the
inclination of implement 25 may also be used. Although the
illustrated implement 25 1s a bucket, the implement may be
any other type ol implement attachable to the coupler 22.

Referring to FIG. 2, asystem 26 of loader 10 1s depicted for
controlling movement of lift arm 21 and an angle of the
implement 25. The system 26 includes an open loop sub-
system 27, a closed loop subsystem 30, a limit subsystem 31,
and a “return-to-dig” subsystem 47. The open loop subsystem
27 includes the operator interface 13, the controller 15, the
engine system 20, and the coupler actuation system 23. Spe-
cifically, 1n the open loop subsystem 27, the controller 135 1s
configured to recerve a signal 32 indicative of the speed of the
engine in the engine system 20 and a signal 33 indicative of an
actuation of the operator interface 13. The operator interface
actuation signal 33 1s indicative of a command from an opera-
tor for the lift arm 21 to move at a speed associated with the
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degree of operator interface actuation. For instance, the
operator interface 13 may be a joystick and commanded it
arm movement speed may vary directly with joystick dis-
placement. Based at least upon the engine speed signal 32 and
the operator interface actuation signal 33, the controller 15
calculates a first angle correction signal, also referred to
herein as an open loop correction signal 34. The controller 15
then transmits the open loop correction signal 34 to the cou-
pler actuation system 23 to move the coupler 22 which also
results 1n the movement of the implement 25 attached to the
coupler 22.

The controller 15 calculates the open loop correction signal
34 by multiplying an initial correction calculation by an
engine speed factor. The 1nitial correction calculation 1s asso-
cliated with the commanded lift arm movement speed,
whereas the engine speed factor 1s associated with the engine
speed indicated by the engine speed signal 32. These asso-
cilations may be specified 1n maps, lookup tables, or similar
data structures programmed 1nto the controller 15. Specifi-
cally, upon receiving the operator interface actuation signal
33 and discerning a commanded lift arm movement speed
from the operator interface actuation signal 33, the controller
15 accesses a first map 35 that associates lift arm movement
speeds with initial correction calculations and utilizes the first
map 35 to determine the 1nitial correction calculation associ-
ated with the lift arm movement speed indicated by the opera-
tor interface actuation signal 33. In addition, upon receiving,
the operator interface actuation signal 33, the controller 15
determines the engine speed indicated by the engine speed
signal 32, accesses a second map 40 that associates engine
speeds with engine speed factors, and utilizes the second map
40 to determine the engine speed factor associated with the
engine speed indicated by the engine speed signal 32. Then,
as mentioned above, the controller 15 multiplies the mitial
correction calculation by the engine speed factor to arrive at
the open loop correction signal 34 to be transmitted to the
coupler actuation system 23.

The closed loop subsystem 30 includes the operator inter-
face 13, the controller 15, the coupler actuation system 23,
and the angle sensor 24. Specifically, 1n the closed loop sub-
system 30, the controller 15 receives a coupler angle signal 41
from the angle sensor 24 mounted on the coupler 22 and
calculates a second angle correction signal, also referred to
herein as a closed loop correction signal 42, based at least
upon the coupler angle signal 41. More specifically, when the
operator interface actuation signal 33 recerved by the control-
ler 15 1ncludes a command to start lift arm movement or to
change the direction of lift arm movement from up to down or
vice versa, the controller 15 stores the coupler angle most
recently indicated by the coupler angle signal 41 as a target
angle. The controller 15 then monitors the coupler angle
signal 41 for deviations from the target angle. Then the con-
troller 15 calculates the difference between the stored target
angle and the actual angle continually indicated by the cou-
pler angle signal 41 and, based upon the calculated difference
between the angles, transmits the closed loop correction sig-
nal 42 to the coupler actuation system 23 such that the coupler
22 1s moved to the extent necessary for the actual angle
indicated by the coupler angle signal 41 to match the target
angle.

The limit subsystem 31 includes the operator interface 13,
the controller 15, the coupler actuation system 23, a sensor
such as a limit sensor 43 (FI1G. 1), and upper and lower sensor
triggers 44, 45. The sensor may be any type of presence or
proximity sensor, while the sensor triggers 44, 45 may be
metal strips or any other elements configured to trigger the
limit sensor 43. If desired, the sensor could be a mechanical
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switch triggered as 1t moves past trigger structures. The limit
sensor 43 1s mounted on the lift arm 21 of the loader 10 and the
sensor triggers 44, 45 are mounted on the loader 10 such that
the limit sensor 43 detects the presence of the sensor triggers
44, 45 as the lift arm approaches 1ts upper and lower limits of
the travel, respectively.

In one embodiment, the sensor triggers 44, 45 may be
positioned approximately 10-12 inches before reaching the
physical upper and lower limits of travel of lift arm 21. More
specifically, referring to FIG. 1, lift arm 21 1s depicted at 1ts
lower limit of travel position. As depicted, limit sensor 43 1s
not aligned with the lower sensor trigger 45 when lift arm 21
1s positioned at its lower limit of travel, but rather positioned
slightly below or past the lower sensor trigger. This configu-
ration permits the end of the lift arm 21 to continue to travel
approximately 10-12 inches after limit sensor 43 passes lower
sensor trigger 45, Similarly, lift arm 21 may continue to travel
approximately 10-12 inches above or past upper sensor trig-
ger 44 after limit sensor 43 passes the upper sensor trigger.
The exact amount of travel past the sensor triggers may be
adjusted as desired by appropnately configuring the control-
ler 15.

When the limit sensor 43 detects the presence of one of the
sensor triggers 44, 45, the limit sensor 43 transmits a binary
signal or limit signal 50 to the controller 15. The controller 15
1s configured to recerve the limit signal 50 and, upon receipt of
the limit signal, to discontinue transmitting the open and
closed loop correction signals 34, 42 to the coupler actuation
system 23. Automatic movement of the coupler 22 by the
system 26 1s thus discontinued adjacent the limits of travel of
the lift arm 21, thereby helping to prevent overcorrection of
the angle of the coupler 22, and by extension, overcorrection
of the angle of the implement 25.

The controller 15 1s also configured to calculate a position
of the lift arm 21 based at least upon the limit signal 50. The
controller 15 calculates the position of the lift arm 21 by
referring to the operator interface actuation signal 33 to deter-
mine which direction the operator interface actuation signal
33 most recently commanded the lift arm 21 to move. When
the controller 15 receives a limit signal 50, if the operator
interface actuation signal 33 indicates that the lift arm 21 was
most recently commanded to move up, the controller 15 con-
cludes that the limit sensor 43 has sensed the presence of the
upper sensor trigger 44 and, by extension, that the liit arm 21
has reached a position near the upper limit of 1ift arm travel.
Similarly, 1f the operator interface actuation signal indicates
that the Iift arm 21 was most recently commanded to move
down, the controller 15 concludes that the limit sensor 43 has
sensed the presence of the lower sensor trigger 45 and, by
extension, that the lift arm 21 has reached a position near the
lower limit of 1ift arm travel.

The “return-to-dig” subsystem 47 includes the operator
interface 13, the controller 15, the coupler actuation system
23, the angle sensor 24, the limit sensor 43 and the lift arm
actuation system 46. System 26 utilizes a “return-to-dig”
mode 1n which the controller 15 operates to return the lift arm
21 to a starting or base position adjacent 1ts lower limit of
travel of lift arm 21 and return implement 25 to a stored or
memorized orientation. In one example, an operator may
perform some type of repetitive work operation with lift arm
21 and implement 23 such as digging material with a bucket.
The operator may move the lift arm 21 and implement 25 to a
carrying position while moving loader 10 to another location
at which the material 1s removed from the implement (e.g.,
dumped from a bucket). As the operator returns the loader 10
to the original location to begin the work cycle again, 1t may
be desirable for the operator to stmultaneously and automati-
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cally move the lift arm 21 and work implement 25 to the base
position 1n order to maximize production. This base position
1s oiten referred to as a “return-to-dig” position even though
it need not be a position or orientation used for digging. At the
base or “return-to-dig” position, lift arm 21 1s positioned near
its lower limit of travel and implement 235 1s positioned at an
orientation specified by the operator. Accordingly, the base
position includes two components—one specitying the posi-
tion of the lift arm 21 and one speciiying the orientation of
implement 25. The desired position of liit arm 21 relative to
the lower limit of travel may be set by a configuration within
the controller 15 while the desired orientation of the 1mple-
ment may be set by the operator.

FIG. 3 1s a flowchart 60 depicting the “return-to-dig” pro-
cess. After the implement 25 1s positioned at a desired angular
orientation, the operator actuates a component of operator
interface 13 such as a switch in order to generate at stage 61
a target signal indicative of the desired inclination of the
implement at the base position. Controller 15 then stores the
target inclination signal at stage 62.

Once the target inclination signal indicative of the desired
inclination of coupler 22, and thus implement 23, has been
stored within controller 15, the operator may move lift arm
21, 1implement 25 and loader 10 as desired in order to perform
the operator’s desired tasks. The operator may return lift arm
21 and implement 25 to the base position at any time by
sending a “return-to-dig” operator interface actuation signal
48 to controller 15 based upon actuation of operator interface
13 such as by pressing a “return-to-dig” switch at stage 63.
Upon receiving such a “return-to-dig” operator interface
actuation signal 48, controller 15 begins to control the angle
of implement 25 at stage 64 by monitoring the coupler angle
signal 41 for deviations from the target inclination signal. The
controller 15 then calculates the ditference between the stored
target inclination angle and the actual angle continually 1ndi-
cated by coupler angle signal 41 and, based upon the calcu-
lated difference between angles, transmits an implement
command signal 49 to coupler actuation system 23 such that
coupler 22 1s moved to the extent necessary for the actual
angle indicated by the coupler angle signal 41 to match the
target inclination signal.

In addition, at stage 63, controller 15 transmits a first lift
arm command signal 51 to the lift arm actuation system 46
which moves lift arm 21 downward. Since the loader 10 only
includes a limit sensor 43 on lift arm 21 and sensor triggers 44
and 45 on loader 10, the exact position of lift arm 21 relative
to loader 10 1s often not known by controller 15. In other
words, controller 15 1s able to determine when lift arm 21 1s
near or above upper sensor trigger 44 but when lift arm 21 1s
positioned such that limit sensor 43 1s between upper sensor
trigger 44 and lower sensor trigger 435, controller 15 cannot
determine the exact distance of lift arm 21 from the lower
sensor trigger 45 or the lower limait of travel due to the sim-
plified sensor system of loader 10. Accordingly, controller 15
provides the first lift arm command signal 51 to lhift arm
actuation system 46 to propel or move lift arm 21 downward
at a predetermined rate until limit sensor 43 on lift arm 21
reaches lower sensor trigger 45.

Moving limit sensor 43 near or adjacent sensor trigger 45
activates the limit sensor 43 at stage 66 changing 1ts status
from either oif to on or onto oif depending on the type of limat
switch used and such status change 1s monitored by controller
15 at stage 66. Based on the status change of limit sensor 43,
controller 15 recognizes that lift arm 21 1s positioned with
limit sensor 43 near lower sensor trigger 45. Controller 135
then terminates the first lift arm command signal 51 at stage
67 1n order to terminate the downward movement of lift arm
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21. If desired, controller 15 may, at stage 68, transmit a
second lift arm command signal 52 to the lift arm actuation
system 46 1n order to continue the movement of the liit arm
downward from a position in which limit sensor 43 1s gener-
ally aligned with lower sensor trigger 45 to another position
closer to its lower limit of travel. This additional downward
movement directed by second lift arm command signal 52
may be slower than the downward movement directed by the
first lift arm command s1gnal 51. In other words, controller 15
may be configured so that once limit sensor 43 reaches lower
sensor trigger 45, 1t either stops lift arm 21 or supplies a
second lift arm command signal 52 to lift arm actuation
system 46 to move lift arm 21 further downward towards its
lower limit of travel. It may be possible to configure controller
15 such that the second lift arm command signal moves the lift
arm 21 upwards away from the lower limit of travel, i1f
desired.

Since, 1n one embodiment, loader 10 does not include
sensors to determine when lift arm 21 has reached its lower
limit of travel, controller 15 1s configured to estimate the
speed and duration of downward movement necessary for lift
arm 21 to reach 1ts lower limit of travel and generates the
second lift arm command signal 52 based on that estimate.
The controller then sends the second lift arm command signal
52 to the lift arm actuation system 46 at stage 68. If desired,
controller 15 may be configured such that the second lift arm
command signal positions lift arm 21 at a position other than
close to the lower limit of travel by changing the calculation
of the second lift arm command signal.

Referring to FIG. 4, flowchart 70 depicts the process by
which controller 15 controls the angle of inclination of imple-
ment 25. Since lift arm 21 1s rotated downward during the
“return-to-dig” process and the angle of inclination 1n the
depicted embodiment 1s measured by an inclinometer that
measures the angle of coupler 22 relative to an earth refer-
ence, the angle of implement 25 relative to the earth reference
will constantly change as lift arm 21 moves. Accordingly,
controller 15 1s configured to monaitor the coupler angle signal
41 from angle sensor 24 and interact with coupler actuation
system 23 in order to position implement 25 in the desired
inclination once lift arm 21 reaches its lower limit of travel.
More specifically, once the operator sends the “return-to-dig”
operator interface actuation signal 48 to actuator 15 at stage
63 of FIG. 3, the controller 15 receives data from the angle
sensor 24 at stage 71 (FIG. 4) and uses the angle sensor data
to determine the current inclination of implement 23 at stage
72. The current inclination 1s compared to the stored target
inclination at a stage 73. If the current inclination 1s not equal
to the desired inclination, controller 15 generates an 1mple-
ment command signal 49 1 order to move coupler 22, and
thus implement 25, towards the target inclination signal. The
implement command signal 49 may be based upon a data map
contained within the controller 15 that may be a function of
the difference between the current angle of inclination and the
stored target inclination angle. Once the implement command
signal 49 1s generated, controller 15 transmits the implement
command signal at stage 75 to the coupler actuation system
23 1n order to move the coupler 22 and implement 23 1n the
desired direction. After transmitting the implement command
signal 49 at stage 75, controller 15 continues to receive angle
sensor data at stage 71 1n order to properly position coupler 22
and implement 25.

I1 the current inclination as determined by controller 15 at
stage 72 1s equal to the desired target inclination at stage 73,
controller 15 determines whether lift arm 21 has reached 1ts
base position at stage 76. Once lift arm 21 has reached 1ts base
position, 1t will no longer be rotating or moving downward
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and thus no longer affecting the inclination of implement 25.
As such, if lift arm 21 and implement 25 are at their base

positions, the automated control of the lift arm and implement
may be terminated. It the lift arm 21 has not reached its base
position, further movement of lift arm 21 will change the
angle of inclination of implement 25 and thus automated
adjustment of the angle of inclination of coupler 22 and
implement 25 1s continued at stage 71 until the current angle
ol inclination equals the desired target angle of inclination
and the lift arm 21 has reached 1ts base position. An operator
may cancel the “return-to-dig” process once it has begun by
operating the operator interface 13 or another operator con-
trol 1n a predetermined manner.

If desired, system 26 may be used to provide the function-
ality of automatically returming implement 235 to a desired
target angle of inclination without also moving lift arm 21 to
its base position. In such an operation, an operator generates
a target signal indicative of the desired angle of inclination of
the implement 1n a manner similar to that of stage 61 of FIG.
3 but without moving the implement to the base position. For
example, the operator may move the implement to the desired
inclination and move an operator interface 1n a predetermined
manner. The movement of the operator interface may cause
the target inclination signal to be stored within controller 15
in a manner similar to stage 62. Once the operator provides an
appropriate operator 1terface actuation signal 1n a manner
similar to stage 63, system 26 operates 1n a manner similar to
that set forth in flowchart 70 of FIG. 4 except that monitoring,
of the position of arm 21 at stage 76 1s omitted.

INDUSTRIAL APPLICABILITY

The industrial applicability of the system described herein
will be readily appreciated from the foregoing discussion.
The present disclosure 1s applicable to many machines and
many tasks accomplished by machines. One exemplary
machine for which the system 1s suited 1s a wheeled loader.
However, the system may be applicable to any type of loader
and any type of machine that would benefit from automated
movement of a lift arm and an associated implement to a
pre-selected position such as a “return-to-dig” position.

The disclosed system operates to stores a signal indicative
of a desired inclination of an 1implement. During the course of
operating the loader, an operator may want to move the It
arm and implement to a base position defined by the lift arm
being positioned near 1ts lower limit of travel and the imple-
ment being positioned at its stored inclination. Upon the
operator actuating a designated operator interface, the con-
troller of the system generates and transmits an 1implement
command signal to an electro-hydraulic system to move the
implement to the stored inclination. The controller further
generates and transmits a lift arm command signal to the
clectro-hydraulic system to move a lift arm towards a lower
limit of travel of the lift arm. After the controller receives a
signal indicating that a sensor on the lift arm 1s adjacent a
sensor trigger on the loader near the lower limit of travel of the
l1ft arm, the controller terminates the lift arm command signal
and movement of the lift arm may be terminated. I desired,
the controller may transmit a second lift arm command s1gnal
to the electro-hydraulic system to further move the lift arm.

In addition, system may operate 1n a similar manner but
without moving the lift arm to a position near 1ts lower limit
of travel. This functionality may be desirable when loading
the implement at a first inclination and unloading 1t at a
second orientation without moving the lift arm 21.

It will be appreciated that the foregoing description pro-
vides examples of the disclosed system and technique. How-
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ever, 1t 1s contemplated that other implementations of the
disclosure may ditfer 1in detail from the foregoing examples.
All reterences to the disclosure or examples thereof are
intended to reference the particular example being discussed
at that point and are not intended to imply any limitation as to
the scope of the disclosure more generally. All language of
distinction and disparagement with respect to certain features
1s intended to indicate a lack of preference for those features,
but not to exclude such from the scope of the disclosure
entirely unless otherwise indicated.

Recitation of ranges of values herein are merely intended to
serve as a shorthand method of referring individually to each
separate value falling within the range, unless otherwise indi-
cated herein, and each separate value 1s incorporated into the
specification as 1t 1t were individually recited herein. All
methods described herein can be performed 1n any suitable
order unless otherwise indicated herein or otherwise clearly
contradicted by context.

Accordingly, this disclosure includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements 1n all pos-
sible variations thereofl 1s encompassed by the disclosure
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

What 1s claimed 1s:

1. A system for automated movement of a lift arm and an
implement of a loader from a remote position to a base posi-
tion near a lower limit of travel of the lift arm, the system
comprising;

a sensor mounted on one location of the lift arm and the

loader;

a sensor trigger mounted on another location of the lift arm

and the loader; and

a controller configured to:

store a signal indicative of a desired inclination of the
implement, the desired inclination being a component
ol the base position;

receive a signal indicative of actuation of an operator
interface on the loader, the operator interface actua-
tion signal indicating a desired movement of the lift
arm and the implement to the base position; and

responsive to recerving the operator interface actuation
signal:

transmit an 1implement command signal to an electro-
hydraulic system to move the implement to the
desired inclination:

transmit a lift arm command signal to the electro-hy-
draulic system to move the lift arm towards the lower
limit of travel of the lift arm;

receive a signal indicative of activation of the sensor
mounted on one location of the lift arm and the loader
based upon movement of the sensor near the sensor
trigger mounted on another location of the lift arm and

the loader at a position near the lower limit of travel of
the 1ift arm; and

terminate the lift arm command signal based upon
receipt of the sensor activation signal.

2. The system of claim 1, wherein the controller 1s further
configured to transmit a second lift arm command signal to
the electro-hydraulic system to control the movement of the
lift arm near the lower limit of travel of the lift arm after
termination of the lift arm command signal.

3. The system of claim 2, wherein the controller 1s further
configured such that transmission of the implement command
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signal occurs generally simultaneously with the transmission
ol at least one of the lift arm command signal and the second
l1ift arm command signal.

4. The system of claim 2, wherein the controller 1s further
configured such that the second lift arm command signal
includes both a magnitude and a duration for directing move-
ment of the lift arm near the lower limit of travel of the lift
arm.

5. The system of claim 1, wherein the controller 1s further
configured such that the automated movement of the lift arm
and implement 1s cancelled upon receipt of a second, prede-
termined operator interface actuation signal after receipt of
the operator intertace actuation signal.

6. The system of claim 1, wherein the controller 1s further
configured to store as the desired inclination signal a single
signal generated by an inclination sensor that measures 1ncli-
nation of the implement relative to an earth reference.

7. A loader, comprising:

a movable lift arm;

an 1implement movably coupled to the lift arm;

an operator interface;

an inclination sensor configured to sense inclination of the

implement;

a sensor mounted on one location of the lift arm and the

loader;

at least one sensor trigger for activating the sensor, the

sensor trigger defining a trigger position near a lower
limit of travel of the lift arm, the sensor trigger being
mounted on another location of the lift arm and the
loader; and

a controller configured to:

store a signal from the inclination sensor indicative of a
desired inclination of the implement;

receive a signal indicative of actuation of the operator
interface, the operator interface actuation signal indi-
cating a desired movement of the lift arm and the
implement to a base position, the base position includ-
ing the lift arm being positioned near the lower limat
of travel and the implement being positioned at the
desired inclination; and

responsive to receiving the operator interface actuation
signal:

transmit an implement command signal to an electro-
hydraulic system to move the implement to the
desired inclination;

transmit a lift arm command signal to the electro-hy-
draulic system to move the lift arm towards the lower
limit of travel of the lift arm;

receive a signal indicative of activation of the sensor
based upon movement of the sensor near the sensor
trigger at the trigger position near the lower limit of
travel of the lift arm; and

terminate the lift arm command signal based upon
receipt of the sensor activation signal.

8. The loader of claim 7, wherein the controller 1s further
configured to transmit a second lift arm command signal to
the electro-hydraulic system to control the movement of the
lift arm near the lower limit of travel of the lift arm after
termination of the lift arm command signal.

9. The loader of claim 8, wherein the controller 1s further
configured such that transmission of the implement command
signal occurs generally simultaneously with the transmission
of at least one of the lift arm command signal and the second
l1ift arm command signal.

10. The loader of claim 8, wherein the controller 1s further
configured such that the second lift arm command signal
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includes both a magnitude and a duration for directing move-
ment of the lift arm near the lower limit of travel of the lift
arm.

11. The loader of claim 7, wherein movement of both of the
lift arm and the implement i1s cancelled upon receipt of a
second, predetermined operator interface actuation signal
alter receipt of the operator interface actuation signal.

12. The loader of claam 7, wherein the sensor 1s a switch
providing binary signals to the controller.

13. The loader of claim 12, wherein the switch 1s a prox-
1mity sensor.

14. The loader of claim 7, wherein the controller 1s further
configured such that the lift arm command signal includes a
magnitude for directing movement of the lift arm for a sufifi-
cient time so that the sensor mounted on the one location of
the litt arm and the loader moves near the sensor trigger.

15. The loader of claim 7, wherein the inclination sensor 1s
mounted on a coupler coupling the lift arm and the imple-
ment.

16. A controller-implemented method for automated
movement of a lift arm and an implement of a loader to a base
position adjacent a lower limit of travel of the lift arm, the
method comprising:

storing a signal within a controller indicative of a desired

inclination of the implement, the desired inclination
being a component of the base position;

recerving a signal at the controller indicative of actuation of

an operator interface on the loader, the operator interface
actuation signal indicating a desired movement of the lift
arm and implement to the base position; and

upon recerving the operator interface actuation signal:

transmitting an implement command signal from the con-

troller to an electro-hydraulic system to move the imple-
ment to the desired inclination:

transmitting a lift arm command signal from the controller

to the electro-hydraulic system to move the lift arm
downward towards the lower limit of travel of the lift
arm;

recerving a signal at the controller indicative of activation

of a sensor mounted on one location of the lift arm and
the loader based upon movement of the sensor near a
sensor trigger mounted on another location of the lift
arm and the loader at a position near the lower limit of
travel of the lift arm; and

terminating the lift arm command signal based upon

receipt of the sensor activation signal at the controller.

17. The method of claim 16, further including the step of
transmitting a second lift arm command signal from the con-
troller to the electro-hydraulic system to control the move-
ment of the lift arm near the lower limit of travel of the liftarm
alter termination of the lift arm command signal.

18. The method of claim 17, wherein the step of transmit-
ting the implement command signal occurs generally simul-
taneously with transmitting at least one of the lift arm com-
mand signal and the second lift arm command signal.

19. The method of claim 17, wherein the step of transmit-
ting the second lift arm command signal includes transmitting,
both a magnitude and a duration for directing movement of
the lift arm near the lower limit of travel of the lift arm.

20. The method of claim 16, further including the step of
cancelling the movement of the lift arm and implement upon
receipt of a second, predetermined operator mterface actua-
tion signal at the controller after receipt of the operator inter-
face actuation signal.




	Front Page
	Drawings
	Specification
	Claims

